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XXXVII. The Report of the Committee appointed by the 
Royal Society to confider of the bejl Method of adjujling 
the fixed Points of thermometers', and of the precau¬ 
tions necejfary. td be ufed in making Experiments with 
thofe Injlruments. 


Read June 19, and Dec. 28, 1777. 

I T is univerfelly agreed by all thofe who make and ufe 
Fahrenheit’s. thermometers, that the freezing point, 
or that point which the thermometer Hands at when fur- 
rounded by ice or fnow beginning to melt, is to be called 
3 a 0 .; and that the heat of boiling water is to be called 
ax a 9 : but for want of further regulations concerning 
the, manner in which this laft point is to be adjufted, it is 
placed not lefs than two or three degrees higher on fome 
thermometers, even of thofe made by our beft artifts, 
than on others. The two principal caufes of this dif¬ 
ference are, firft, that it has never been fettled at what 
height of the barometer this point is to be adjufted^; 

and 

fa) Fahrenheit found that the heat of boiling water differed according 
to the height of the barometer; but fuppofed the difference to be much greater 

than 
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and fecondly, that fo much of the quickfilver in the 
thermometer as is contained in the tube, is more heated 
in the method ufed by fome perfons, than in that ufed by 
others. To drew that this laft circumftance ought by no 
means to be difregarded, fuppofe that the ball of a ther¬ 
mometer be dipped into boiling water as far as to the 
freezing point, and confequently that the length of the 
column of quickfilver in that part of the tube which is 
not immerfed in the water be 180°; and fuppofe that 
the heat of that part of the column of quickfilver be no 
more than 112 0 . If the thermometer be now intirely 
immerfed in the water, the heat of this column will be 
increafed ioo°; and confequently its length will be in- 
creafed by rrfss parts of the whole, as quickfilver ex¬ 
pands part of its bulk by each degree of heat; and 

confequently the thermometer will ft and -77^0°° or ra¬ 
ther more than i°i higher than it did before. 

Another thing to be confidered in adjufting the boil¬ 
ing point is, that if the ball be immerfed deep in the 
water, it will be furrounded by water which will be com- 

than it really is. Mr. de luc has fince, by a great number of experiments 
made at very different heights above the level of the fea, found a rule by which 
the difference in the boiling point, anfwering to different heights of the baro¬ 
meter, is determined with great exa&nefs. According to this rule the altera¬ 
tion of the boiling point by the variation of. the barometer from 29I to 30! 
inches is i°,59 of Fahrenheit. 
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prefled by more than the weight of the atmofphere, and 

on that account will be rather hotter than it ought to be. 

We are of opinion, that the quickfilver in the tube 
ought, if poflible, to be kept of the fame heat as that in 
the ball, and that the ball ought not to be immerfed deep 
in the water. Thefe two* requifites may be obtained by 
ufing a veflel covered fo as to allow no more paflage than 
what is fuflicient for carrying off the fleam; for then, if 
the thermometer be inclofed in this veflel in fuch man¬ 
ner that the boiling point fhall rife but a little way above 
the cover, almoft all the quickfilver in the tube will be 
furrounded by the fleam of the boiling water, and con- 
fequently will be nearly of the fame heat as the water 
itfelf: we therefore made fome experiments to deter¬ 
mine how regular the boiling point would be when tried 
in fuch veflels, both when the ball was immerfed in* the 
water, and when it was expofed only to the fleam as re¬ 
commended by Mr. cavendish (b) 

The veflel ufed in. thefe experiments is reprefented in 
fig. i. ab ba is the pot containing the boiling water; 
d d is the cover; e is a chimney for carrying oflf the 
fleam ; Mm is the thermometer fattened to a brafs frame; 
this thermometer is pafled through a hole f/ in the co¬ 
ver, and refts thereon by a circular brafs plate Gg fattened 

(b) Phil, Tranf. vol. LXVL p. 386; 


to 
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to its frame, a piece of woollen cloth being placed be¬ 
tween Gg and the cover, the better to prevent the efcape 
of the vapours. 

There were two pots of this kind ufed by us; one five 
inches in diameter and nine deep; the other, 4^ in dia¬ 
meter and 33 deep. Two of the thermometers princi¬ 
pally ufed were the fhort ones, the brafs plate (g g) being 
placed only 3| inches above the top of the ball, and the 
boiling point riling not much above that plate: the third 
thermometer was much longer, the plate (Gg) being 17 
inches above the ball. They were all three quick; the 
firft containing only degrees to an inch; the fecond 
5°; and the third io°. The firft had a cylinder inftead 
of a ball i£ inch long and in diameter^; the two 
others had Ipherical balls, about £ of an inch in dia¬ 
meter. 

On trying thefe thermometers in the above mentioned 
veffels, with the water riling two or three inches above 
the top of the ball, we found fome variations in the 
height according to the different manner of making the 
experiment,but not very considerable; for the moft part 
there was very little difference whether the water boiled 

• (c) In the two fhort thermometers the quickfilver would have defcended into 
the ball when cold, had not the tube been fwelled a little, clofe to the ball, in 
order to prevent it. 
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fail or very gently; and what difference there was, was 
not always the fame way, as the thermometer fometimes 
flood higher when the water boiled faft, and fometimes 
lower. The difference, however, feldom amounted to 
more than ~th of a degree, unlefs a confiderable part 
of the fides of the pot were expofed to the fire; but in 
fome trials which we made with the fhort thermometers 
in the fhort pot, with near four inches of the fide of the 
veffel expofed to the fire w , they conftantly flood lower 
when the water boiled faft than when flow, and the 
height was in general greater than when only the hot- 
tom of the pot was expofed to the firev This difference 
however was not perceived in the trials of the long 
thermometer in the deep pot, as there feemed very little- 
difference in the height whether the water boiled faft or 
flow, or whether more or lefs of the fide of the pot was 
expofed to the fire. The greateft difference obferved in 
the fame thermometer, on the fame day and in the fame 
water, according to the different manner of trying the 
experiment, was half a degree-. 

(d) la alf our experiments, the water was boiled over a portable black-lead 
furnace, "covered with an iron plate, which had a hole cut in it juft big enough 
to receive the bottom of the pot; fo that, by palling the bottom through this 
hole to a greater or lefs depth, we could expofe more or lefs of the lides to the 
fire. In the other experiments, not more than one inch. of. the lides was ever 
expofed to the fire. 


We 
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Wemadefome trials with the long thermometer in 
the deep pot, to determine how much the height of the 
boiling point was affected by a greater or lefs depth of 
water above the ball. By a mean of the experiments it 
flood ,66 of a degree higher when the water rofe 15 
inches above the ball, than when it was only three inches 
above the ball; fa that increafing the depth of water 
above the ball by 11 inches, raifed the thermometer ,66 
of a degree, that is ,06 for each inch. 

We would by no means infer however from hence, 
that it is a conftant rule, that the height of the boiling 
point is increafed ,06 of a degree by the addition of each 
inch in the depth of the water above the ball ; as per¬ 
haps the proportion would be found very different in 
greater depths of water or in wider veffels. 

If this rule is conftant, it would ihew that,, when the 
preffure on that part of the water which furrounds the 
ball is increafed by increafing the depth of water above 
the ball, the height of the boiling point is not altered 
thereby more than half as much as by an equal increafo 
of preffure produced by an alteration in the weight of 
the atmofphere: for the preflure on that part of the wai¬ 
ter which furrounds the ball is as much increafed by an 
alteration of 11 inches in the depth of the water above 
the ball, as by an increafe of of an inch in the height. 

of 
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of the barometer; and fuch an alteration in the height 

of the barometer is fuflcient to raife the boiling point 

It feems as if the height of the boiling point was in 
fome meafure increafed by having a great depth of wa¬ 
ter below the ball, as in general the Ihort thermometers 
flood higher when tried in the deep pot than in the ihort 
one; this effect, however, did not always take place. In 
the former of thefe cafes, the depth of water below the 
ball was about 18 inches, in the other only 4; but the 
depth of water above the ball was the fame in both 
cafes. 

It muft be obferved, that when there was a great 
depth of water in the veffel, either above or below the 
ball, the experiments were much more irregular, and the 
quickfilver in the tube remained much lefs fteady than 
when it was fmall. When the depth of water in the 
veffel is great, it is apt to boil in gulls, which feems to 
be the caufe of this irregularity ; though we could not 
perceive any regular connection between thefe gulls and 
the rifing of the thermometer. 

In the experiments made with the Water not rifing lo 
high as the hall, fo that the thermometer was expofed 
only to the fleam, we very feldom found any fenfible 
difference whether the water boiled fall or flow: but 

whenever 
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whenever there was any, the greater height was when 
the water boiled faft; the difference, however, never 
amounted to more than ^th of a degree. 

There was fcarce ever any fenfible difference whether 
the fhort thermometers were tried in the fhort pot or the 
deep one, though in the former cafe the ball was raifed 
very little above the furface of the water, and in the lat¬ 
ter not lefs than 14 inches: neither did we find any fen- 1 
fible difference in trying them in the tall pot, whether 
there was a greater or lefs depth of water in the veffel. 

As it was neverthelefs fufpe&ed, that the heat of the 
fleam might poflibly be lefs near the top of the pot than 
lower down (for in thefe experiments the ball of the 
thermometer was always at the fame depth below the 
cover, though its height above the furface of the water 
was very different) we.made two holes in the fide of a 
pot four inches deeper than the deepeft of the. foregoing,, 
one near the top of the pot, and the other not far from 
the bottom, and paired the ball of the thermometer 
through one or the other of thefe holes, taking care to 
flop up both holes very carefully, fo that no air could 
enter into the pot by them: no fenfible difference could 
be perceived in the height, whether the thermometer 
was placed in the upper or lower hole, though in one 
3 cafe 



8 24 Report of the Committee 

cafe the ball was only three inches, and in the other ax 

inches, below the cover. 

The heat of the fteam therefore appears to be not 
fenlibly different in different parts of the fame pot; nei¬ 
ther does there appear to be any fenfible difference in its 
heat, whether the water boil faff or. flow; whether there 
be a greater or lcfs depth of water in the pot; or whe¬ 
ther there be a greater or lefs diftance between the lur- 
face of the water and the top of the pot; lb that the 
height of a thermometer tried in fteam, in veflels pro¬ 
perly doled, feems to be fcarce fenlibly affe&ed by the 
different manner of trying the experiment. 

Though, as was before laid, there was fcarce any dif¬ 
ference in the height of; the quieklilver, whether the 
water boiled fall or llow, yet, when the water boiled 
flow, the thermometer was a great while before it rofe to 
its proper height; and when it boiled very llow, it 
feemed doubtful whether it would have ever rifen to it, 
cfpecially if the ball was raifed a great way above the 
furfacc of the water: but when, by making the water 
boil 1>rilkly,thc thermometer had once rifen to its proper 
height, the water might then be fullered to boil very 
gently, even for a great length of time, without the ther¬ 
mometer linking fenlibly lowed' 7 . 

All 

(e) The icafon of this feems to be that, while any air is left in the pot, the 

(leant 



for adjujling 'thermometers . 825 

All three thermometers were found to Hand, in gene¬ 
ral, from 30 to 65 hundredths of a degree higher when 
the ball was immerfed a little way in the water (neglect¬ 
ing thofe obfervations in which much of the fides of the 
pot were expofed to the fire) than when it was tried in 
fteam: at a medium they ftood higher, which is equal 
to the difference produced by a variation of -^ths of an 
inch in the barometer; fo that the boiling point, adjufted 
at a given height of tile barometer, with the ball im¬ 
merfed a little way in the water, will in general agree 
with that adjufted in fteam, when the barometer is — ths 
of an inch higher. 

It muft be obferved, that in all thefe experiments a 
piece of flat tin plate was laid loofely on the mouth of 
the chimney e, fo as to leave no more paffage for the 
fteam than what was fufficient to prevent the tin plate 
from being lifted up. In trying the thermometers in 
fteam, this is by no means unneceflary; for, if the cover 
of the pot does not fit pretty clofe, the thermometers will 
immediately fink feveral degrees on removing the tin 
plate; but, when their balls are immerfed in the water, 
the removal of the tin plate has no fenfible effeCt. 

fteam cannot acquire its full degree of heat; and that when the water boils very 
gently, the air is not eafily intirely expelled from the pot. That the fteam will 
not acquire its full degree of heat while any air is left in the pot will appear 
from the next paragraph but one. 

Vol. LXVII. 5 L If 
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If this cover to the chimney had been heavy, the in¬ 
cluded ftcarn might have been fo much compreffed 
thereby, that the water and fleam might have acquired a 
confidcrably greater heat than they ought to have done; 
but as this plate lay loofe on the chimney, and as its 
weight was not greater than that of a column of quick- 
filver, whofc bafe is equal to that of the mouth of the 
chimney, and whofc altitude is - 5 '„th of an inch, the excels 
of thccompreilionof the included fleam above that which 
it would fuffer in an open veflel, could not be greater 
than that which would be caufed by an increale of ~th 
of an inch in the height of the barometer, which is too 
fmallto be worth taking notice of; for, if the excefs of 
comprellion was greater than that, the tin plate mull: 
neceffarily be lifted up fo much as to afford a fuflicient 
pafiage for the fleam to cfcape faff enough, though 
urged by no greater force than that. 

Though in the different trials of the fame thermo¬ 
meter in fleam, on the fame day, and with the fame 
water, fo little difference was obferved, according to the 
different manner of trying the experiment; yet there 
was a very fenfible difference between the trials made on 
different days, even when reduced to the fame height of 
the barometer, though the obfervations were always 
made cither with rain or diffillcd water. The difference, 
4 however, 
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however, never amounted to more than a quarter of i. 
degree, except in one thermometer, in which there were 
three obfervations out of eighteen which differed more 
than that; one of them differed fo much as 0.65° from 
fome of the reft. In the obfervations made with the ball 
immerfed a little way in the water, there was a greater dif¬ 
ference between the obfervations Of different days, even 
negledting thofe in which much of the fides of the pot 
were expofed to the fire. In two of the thermometers 
the different obfervations differed about .of a degree 
from each other; but in the other thermometer they 
varied d^ths. 

We do not at all know what this difference could be 
owing to, efpecially in the obfervations in fleam. It 
could not proceed intirely from fome unknown dif¬ 
ference in the water; for, if it did, the difference between 
the different thermometers fhould have been always the 
fame, which was not the cafe, though in general, on 
thofe days in which one thermometer flood high, the 
others did alfo, efpecially in the trials in fleam. More¬ 
over, as far as can be perceived from our experiments, 
there feems to be very little difference between different 
waters with refpedt to the heat which they acquire in boil¬ 
ing. We could not be fure that there was any difference be¬ 
tween rain or diftilled water and pump water, provided 

5 1. ^ the 
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the latter had boiled long: neither did any difference feen* 
to arife from the water containing fnch fubftances as are 
difpofed to part readily with their phlogifton; for, on 
trying the thermometers in the fleam of diflilled water,, 
their height was not fenfibly altered by pouring in a 
fmall quantity of a folution of liver of fulphur, or of 
iron filings imperfectly rufted.. The thermometer, how¬ 
ever, feemed to ftand fenfibly lower in pump water be¬ 
ginning tp boil, than in the fame water long boiled, but 
the difference fcarcely exceeded th or 'th of a degree. 

We made fome experiments to determine the heat of 
water boiling in open vcfiels. In general, when tlio 
veflel was almoft full, and the water boiled faft, and the 
ball of the thermometer was held from three-quarters to 
two or three inches under water, and alfo in that part 
of the veflel where the current of water afeended up¬ 
wards, that is, in the hotteft part of the water, its heat 
was not much different from that of the fleam of water 
boiling in clofed veflels, varying only from a quarter of a, 
degree more than that, to as much lefs; but if the water 
boiled gently, its heat would frequent ly be half or three- 
quarters of a degree cooler than the fleam. If the ex¬ 
periment was tried in the deep pot with fuch a quantity 
of water in it that the furlace was at leart 14 or x 5 indies 
below the toil of the pot, fo that though the veflel was. 

open. 
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open, yet the water was not much expofed to the air, its 
heat then feemed fcarcely lefs than when boiled in clofed 
veflels* 

In making thefe experiments we chiefly made ufe of 
the two Ihort thermometers, in which, as the quantity of 
quicklilver contained in the tube was fmall, the error 
ariflng from that part of the quicklilver being not heated 
equally with that in the ball, could be but fmall: for 
example, in the fecond of the Ihort thermometers, the 
nbmber of degrees contained in that part of the tube 
between the circular plate g^' and the ball was 18°. In 
the experiments in fleam this part of the tube was heated 
to the fame degree as the ball, Suppofe now, that in 
open veflels it was heated only to 122 0 , or was 90° 
cooler than the ball, it is plain, that the thermometer 

would Hand only ~~~, or. jth of a degree lower than it 
did in fleam, provided the heat of the quicklilver in the 
ball was the fame in both cafes. In the other Ihort ther¬ 
mometer, as there were only half as many degrees to an 
inch, the error was only half as great. 

In feveral of the experiments, however, we made ufe 
of the long thermometer; but then it was neceflary to 
make an allowance on account of the quicklilver in the 
tube being not heated equally with that in the ball. The- 

better, 
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better to enable us to do this, we made ufe of a thermo¬ 
meter tube, filled with quickfilver in the fame manner 
as a thermometer, only without any ball to it, or a ther¬ 
mometer without a ball, as we may call it. A fmall brafs 
plate was fixed to ttte tube near the top of the column 
of quickfilver, to fhew the heat as in a common ther¬ 
mometer. In all our experiments with the long ther¬ 
mometer in open veffels, this tube without a ball, was 
placed by its fide; whence, as the quickfilver in the tube 
of the long thermometer could hardly fail of being 
nearly of the fame heat as that in the tube without a 
ball, we knew pretty nearly the heat of the quickfilver 
in the tube of the former, and confequently how much 
higher it would have flood if the quickfilver in its tube 
had been of the fame heat as that in the ball. For exam¬ 
ple, on October 19, the long thermometer tried in an 
open veffel, the water boiling faft, flood i°. 65 lower than 
it did when tried in fleam the fame day, the quickfilver 
in the tube without a ball ftanding at the fame time at 
109 0 : we may therefore conclude, that the heat of the 
quickfilver, in that part of the tube of the long thermo¬ 
meter which was not immerfed in the water, was alfo 
J09 0 ; and confequently, as that part of the tube con¬ 
tained about 170°, the thermometer flood ~~- 3 , or 

i°5 2 
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I®.5 a. lower than it would have done if the quickfilver 
in the tube had been of the fame heat as that in the ball; 
and, confequently, the quickfilver in the ball of the ther¬ 
mometer was in reality .07 cooler than when tried in 
fleam. 

We examined the boiling points of feveral thermo¬ 
meters, made by different artifls, by trying them in fleam 
when the barometer was at 30.1, and finding what di- 
vifion on the fcale the quickfilver Hood at. The differ¬ 
ence of the extremes was 3°^; but, by a mean of all, it 
was found to Hand at 213°. i» and confequently would 
have flood at 21 a°, if the barometer had been at 29.4; 
fo that if the boiling point was to be adjufted, either in 
fleam, when the barometer is at 29.4, or with the ball 
immerfed two or three inches in water, when the baro¬ 
meter is at 29a, it wou^d agree bell with the mean of 
the abovementipned thermometers.. But as it feems to be 
of no great fignification to make the boiling point agree 
very nearly with the mean of the thermometers made at 
prefent, when the extremes differ fo widely; and as we 
apprehend that it will be more convenient to the makers 
that fomp height fhould be chofen which differs lefs 
from the mean, as thereby they will more frequently 
have an opportunity of adjufling the boiling point with¬ 
out the trouble and danger of miftakes which attend the. 

making 
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making a'corre&ion, we recommend, that the boiling 
point fhould be adjufted when the barometer is at 29.8, 
iT'the perfon chufes to do it in fteam; or when the baro¬ 
meter is at 29], if he choofes to do it in clofc vcftels, 
with the ball immerfed to a fmall depth under'the water. 
Our reafon for pitching upon this precifc height is, that 
thereby the boiling point will differ from Mr. de luc’s 
boiling point, byafimple fraction of the degrees of his 
common fcale, namely three-quarters of a degree higher. 

We are informed by Mr. de luc, that the method he 
tiled in adjuftingfhe boiling point, though he forgot to 
mention it in the Recbercbes fur les Modifications de l'At- 
mojpberei, was to wrap rags round the tube of the ther¬ 
mometer, and to try it with the hair immerfed in water 
in an open veflel, of the form deferibed in the above- 
mentioned book, while boiling water was poured at dif¬ 
ferent times on the rags, in order that the quickfilver in 
the tube might be heated, if pollible, to the fame degree 
as that in the ball. As well as we can judge from the 
abovementioned experiments in open vcflels, and from 
the few trials we have made of this method, we are in- 
dined to think, that the boiling point adjufted this way 
will in general differ but little from that adjufted in fteam 
at the fame height of the barometer, efpecially if the 
thermometer be not very long, and do not extend a great 

way 
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way below the freezing pointconfequently, as Mr. 
de luc’s boiling point was adjufted when the barometer 
was at a 7 Paris or 28.75 Englifh inches, it will ftand 
lower than that adjufted in the manner recommended by 
us, by three-quarters of a degree of his fcale; or 8o°^ 
on de luc’s thermometer, will anfwer to aia° on Fah¬ 
renheit’s adjufted in the manner propofed. 

Though the boiling point be placed io much higher 
on fome of the thermometers now made than on others, 
yet we would not have the reader think that this can 
make any confiderable error in the obfervations of the 
weather, at leaft in this climate; for an error of i°~ in 
the polition of the boiling point will make an error of 
only half a degree in the polition of 92 0 , and of not 
more than a quarter of a degree in the point of 6 2°. It 
is only in nice experiments, or in trying the heat of hot 
liquors, that this error in the boiling point can be of 
much ftgnification. 

(/) In order to fee how much the quickfilver in the tube of the thermometer 
would be heated in this method of adjufting the boiling point, we took the* 
abovementioned tube without a ball, wrapped it round with rags, and poured 
boiling water on it as above defcribedl the heat of the quickfilver therein was 
found to be about 21° lefs than that of boiling water; and, therefore, the boiling 
point of a thermometer, adjufted in this manner, fuppofing the thermometer to 
be dipped into the water as far as to the point of 32 0 , (hould ftand about one- 
third of a degree lower than it would do if the quickfilver in the tube was heated 
equally with that in the ball. 

5 M 
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There is another circumftance that we have not yet 
taken notice of, which, in flridtnefs, caufes fome error 
in thermometers, namely, the difference of expanfion of 
the glafs tube and the feale. But this error is in almoft 
all cafes fo fmall as to be not worth regarding; we have,, 
however, in the note below given a rule for computing 
the value of it fs K 


(g) The ufual way of adjufting thermometers is, to mark the boiling and 
freezing points on the glafs tube, and not to fet off thofe points on the lcale till 
fome time after, when the tube and fcalc may both be fuppofed to be nearly of 
the temper of the air in the room; confcqucntty, when the thermometer is 
expofed to a greater heat than that* the feale, if of brafs, will expand more 
than the glafs tube, and the divittonson it will be longer than they ought to be; 
but, if the fcalc be of wood, it will expand lels than the glafs tube, and the 
divihons will be too fhort. Let now the heat of the air, when the divifions 
were fct off on the fcalc, be called a; let the degree of heat which the ther¬ 
mometer Hands at in the experiment be called »; and let the degree anfwcring 
to that point of the feale in which the thermometer is fattened to the feale bo 
called iv Then, if all parts of the thermometer and feale are heated equally, 
and the lcale is of brafs, the thermometer will appear to ttand lower than it 


ought to do by the 


n —v x d—:A 


part of a degree, oblerving, that if d— p x d—a 


165000 

is negative, it will ttand higher than it ought to do; but if the feale is of wood, 


It will ttand higher than it ought to do by the 


216000 


part of a degree. 


If the thermometer be fattened to the feale by. the ball, or any part of the tube 
lower than the obferved heat, the error will be the lame, whether that part of 
the tube and feale, which is above the obferved degree, be of the fame heat as 
the ball or not: but if the thermometer is fattened to the lcale by the top of the 
tube, as is frequently done, then the error will vanifh whenever that part of 
the tube and fcalc, which is above the obferved degree, is not much heated, 
Tliis rule is founded on Mr. smeaton’s experiments, who found, that white 
glafs expands -rc-olh of an inch in a foot by 180 0 of heat; that brafs wire 
expands ; and that wood expands fcarce fenfibly. 


la 
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In making experiments with thermometers, it evi¬ 
dently is equally neceffary that the quickfilver in the 
tube fhould be of the fame heat as that in the ball, as it 
is in adjufting the boiling point: for this reafon, in trying 
the heat of liquors much hotter or colder than the air, 
the thermometer ought, if poffible, to be immerfed as 
far as to the top of the column of quickfilver in the tube. 
As this, however, would often be very difficult to exe¬ 
cute, the obferver will frequently be obliged to content 
himlelf with immerfing it to a much lefs depth. But 
then as the quickfilver, in a great part of the tube, will 
be of a different heat from that in the ball, it will be ne- 
ceffary, where any degree of accuracy is required, to 
make a correction, on that account, to the heat fliewn by 
the thermometer. If the heat of the quickfilver in the 
tube be known, the correction may readily be made by 
help of the annexed table; the only difficulty lies in efti- 
mating what that heat may be. In all probability the 
heat of the quickfilver in the tube will not be very dif¬ 
ferent from that of the air which furrounds it w ; but as 

that 

(h) This mufl: evidently be the cafe, unlefs the quickfilver in the tube is 
confiderably heated by its contad with that in the ball. To fee whether this 
was the cafe, fome fand was heated in a fmall copper difh over a lamp to the 
heat of about 212 0 , and the abovementioned tube, without a ball, laid hori¬ 
zontal with the end extending about half an inch over the fand; but, to prevent 
its being heated thereby, a piece of wood, about a quarter of an inch thick, 

5 M 2 was 
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that air will be afFedted by the fteam of the liquor, and 
the fire by which it is heated, it will commonly be of a 
very different heat from the reft of the air of the room; 
in which the experiment is made; but as no great nicety^ 
is required in eftimating the heat of the quickfilver ini 
the tube, iufomuch that a miftake of 2 5 0 therein wilt 
caufe an error of only half a degree in the correction* 
when the number of degrees in that part of the tube 
which is not immerfed in the liquor is not more than 
aao°, it will commonly be not difficult to guefs at 
the heat of the quickfilver in the tube as near as is re-*- 
quired^. But if the obferver is defirous of more accu¬ 
racy*. 


was laid between the fand and it. After it had remained a fufficient time in 
this fituation, the divilion which the quickfilver flood at was obferved. The 
piece of wood was then removed, and the end of the tube laid in the fand, 
which was heaped over it fo that about half an inch of the column of quick.- 
lilver was intirely furroundfed by the hot fand, and muft therefore be heated to 
nearly the fame degree as it. The quickfilver in the tube rofe very little higher, 
than before, and feemingly not more than might be owing to the expanfion of 
the half inch of quickfilver which was furrounded by the fand; fo that it fhould 
feem, that heating one end of the column of quickfilver does not communicate 
much heat to the reft of the column; and confequently, that, when the ball of 
a thermometer is immerfed in hot liquor, the quickfilver in,the tube will not be 
much hotter than the furrounding air. 

(t) The better to enable the reader to guefs at the heat of the quickfilver in 
the tube, in cafes of this kind, we tried how much the quicklilver in the above- 
mentioned tube, without a ball, would be heated when held over a velfe! of 
boiling water. It is true, that thefe experiments cannot be of any great fervice 
towards this purpofe, as the tubes will be very differently heated, according to 

the 
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racy, he may find the heat of the furrounding air by 
holding the ball of a fmall thermometer near the tube 

of 

the degree of heat of the fluid, and the quantity of Ream which It furnifhes, 
awl according to the nature of the fire by which it is heated; yet as the 
experiments may perhaps ferve in fome meafure to re&ify our ideas on this head* 
we will give the refult. When the abovementioned tube without a ball *, the 
length of the column of quiekfilver in which was 15 inches, was held perpen¬ 
dicularly over the vefiel of boiling water, with its bottom even with the furface 
of the water, the heat of the quiekfilver was in all the trials we made from 6£ 
to 28° hotter than the air of the room. If the tube was held inclined to the 
horizon, in an angle of about 30% with the bottom of the column of quick- 
lilver reaching not more than three quarters of an inch within the circumference 
of the pot, fo that the column of quiekfilver was as little heated by the fleam as. 
could eafily be done,, it was from 30 to 7 0 hotter than the air. When a fhorter 
tube of the feme kind, in which the column of quiekfilver was feven inches, 
was ufed, the quiekfilver was from 62 to 44 0 hotter than the air, when held 
perpendicularly, and from 49 to 36° hotter when held inclined. The water hi 
thefe trials frequently boiled pretty faft, but never very violently. It was in 
general heated over a portable black lead furnace placed in the middle of the roomy 
but it was once heated over an ordinary chafing-difh, when the quiekfilver in 
the long tube, held perpendicularly, was found to be 64° hotter than the air. 
When the experiments were tried without doors, the heat of the quiekfilver in 
the tube would vary very much, according as the wind blew the fleam and hot 
air from or towards the tube, but it fometimes rpfe as high as it did within 
doors. 

The moft convenient method we know oTmaking thefe tubes without a ball is* 
tQ fill a thermometer in the ufuat manner, and heat the ball till there is a proper 
quantity of quiekfilver in the tube, and then to make the column of quiekfilver 
feparate at the neck of the ball, and run to the extremity of the tube, fo as to 
leave a vacuum between the ball and the column of quiekfilver, as is exprefted 
in fig. 2. where the fhaded part ad reprefents the column of quiekfilver, and 
• A that part in which there is a vacuum. The tube muft then be fealed fome- 


* Sec p. 830. 1. j». 


where 
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of the thermometer with which he tries the heat of the 
liquor ; or, what will be much better, he may have a 
tube without a ball,fuch as is above defcribed, fattened to 
the frame of the thermometer, on one fide of the tube; 
or if he has two fuch tubes, of different lengths, it will 
be ftill more accurate. 

To avoid the inconvenience of this correction, per¬ 
haps it may be thought, that both in adjufting the boiling 
point and in trying the heat of liquors* it would be better 
that not much more than the ball of the thermometer 
fliould be immerfed, and that the tube fhould be held in¬ 
clined in fuch manner as to he heated as little as poffibie; 
as it may be faid, that by this means you will find the heat 
of liquors pretty nearly, without the trouble of making 
any correction; and that, though in ftriCtnefs a correction 
would be required in obferving the heat of the air With 

where between b and a as at £, and cut off there; after which it muft be held 
with the end d upwards, fo as to make the column of quickfilver run to the 
extremity e : by this method of filling it is plain, that no fenfible quantity of 
air can be left between e and the column of quickfilver; but yet the quickfilver 
will be apt not to run fufficiently cldfe to the extremity E, as the weight of the 
column will be fcarcely Efficient to force it into the narrow fpace which will 
commonly be left in fealing the tube, efpecially when held newly horizontal: 
for this reafbn it will be proper to open the tube at D, fo as to let in the air; 
and then feal it again* It muft be obferved, that the fpace left between o and 
the column of quickfilver ought not to be lefs than the tenth part of the length 
of the column of quickfilver, as otherwife the included air might be tod much 
comprefled by the expanfion of the quickfilver when much heated. 


fuch 
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filch thermometers, yet the heat of the atmofphere never 
differs fo much from the mean heat, as to make that cor¬ 
rection of. much confequence (li . But, on the other hand, 
this method of making and uling thermometers is much 
lefs exaCt than the former, and therefore is unfit for nice 
experiments;, and, befides, a correction would be as ne- 
ceffary with this kind of thermometer in trying the heat 
of air, artificially heated, or in finding the heat of large 
quantities of hot liquors, in which it would be difficult 
to prevent the quickfilver in the tube from being heated 

(k) The degrees on all thermometers are intended to anfwer to equal por¬ 
tions of the folid contents of tjie tube; and, confcquently, if the quickfilver in 
the tube is kept conftantly of the fame heat as that in the ball, the degrees will 
anfwer to equal increments of bulk of the whole quantity of quickfilver in the 
thermometer, that is of a given weight of quickfilver. But if only thequkk- 
filver in the ball is heated, and that in the tube is kept always of the fame heat, 
the degrees will anfwer to equal increments of a given bulk of quickfilver j fo 
that the fcale of the thermometers will be really different in thefe two methods 
of proceeding, and in high degrees the difference will be very confiderable: for 
example, let two thermometers be made, and in the firff of them let care be 
taken, both in adjufiing the fixed points and in trying the heat of liquors, that 
the quickfilver in the tube fhall be of the fame heat as that in the ball; and in 
adjufiing the fixed points of the fecond, and in trying the heat of liquors with 
it, let care be taken that the quickfilver in the tube fhall remain always of the 
fame invariable heat, and let the freezing and boiling points be>marked 32 and 
212 on both of them: then will the degree of 620 on the firfl anfwer to that of 
600 on the fecond; that of 406 to 400; that of 302 to 3QO; and that of 
119.7 to 120; that is, a liquor which appears to be of 620° of heat by the firfl 
will appear to be of 600 by the fecond, &c. It appears from hence, that it would 
be improper to employ the latter method of adjufiing and ufing thermometers 
for ordinary purpofes, and the former for nice experiments* 

3 fry 
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by the fteam, as it is in finding the heat of liquors with 
the other thermometer, whenever the ball is not im- 
merfed to a fuffident depth; fo that, on the whole, the 
former method of making and ufing thermometers 
feems much the beft. 

A much better way of avoiding the trouble of making 
a corre&ion would be to have two fets of divifions made 
to fuch thermometers as are intended for trying the heat 
of liquors; one of which Ihould be ufed when the tube 
is immerfed almoft to the top of the column of quick- 
filver; and the other, when not much more than the ball 
is immerfed, in which laft cafe the obferver Ihould be 
careful that the tube Ihould be as little heated by the 
fteam of the liquor as conveniently can be. It is difficult 
to give rules for conftruding this lecond let of divifions, 
as the heat of the quickfilver in the tube will be very 
different according to the temper of the air in the room, 
the quantity and nature of the fluid whole heat is to be 
tried, the manner in which it is heated, and the other 
circumftances of the experiment; but, on the whole, we 
think that, given in the following table, would be as pro¬ 
per as any. 


i 


Degree 



43 8 -* 437-3 43 6 -5 43 S -7 

484^7 483.8 482.9 482. 

57 6 -5 375-4 574-3 573 >* 
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Degree anfwering to that point of the tube which is two inches above the ball. 
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To make ufe of this table, feek in the uppermoft ho¬ 
rizontal line the degree of the thermometer anfwering to 
that point of the tube which is two inches above the 
ball; and in the left-hand column feek the degrees of 
the fecond fet of divifions; the correfponding numbers 
in the table are the correfponding degrees of the firft fet, 
or the degrees which they mull be fet oppofite to. The 
right-hand perpendicular column Ihews the heat which 
the quickfilver in the tube was fuppofed to be of in 
forming this table. 

Though this fecond fet of divifions be far from accu¬ 
rate, yet it is at lealt as much fo as a thermometer ad- 
julled in the latter method can be; lo that this double let 
of divifions pofiefies all the advantages which can be-ex¬ 
pelled from that method of adjufting. thermometers, 
without the inconveniences. 


A table 
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A table for correcting the obferved height of a»thermo- 
meter, whenever the quickfilver in the tube is not of 
the fame heat as that in the ball. 


DifF. 

of 

Heat 





Degrees not immerfed in the liq 

uors. 





5 ° 

100 

* 5 ° 

200 

250 

3 °o 

350 

400 

45 ° 

, 5 00 

55 ° 

600 

650 

0 

0 

75 ° 


■ 

•4 

•7 

•9 

1.1 

*•3 

l 'S 

x -7 

2 . 

2.2 

2 4 

2.6 

2.8 

3 *i 


106 

E 

•9 

>•3 

1.8 

2.2 

2.6 

3 -o 

3-5 

3-9 

4.4 

4.8 


S -7 

6.1 


150 

.7 

*•3 

2.0 

2.6 

3-3 

3-8 

4.6 

5*2 

5-9 

6-5 

7 * 2 

7*9 

8-4 

9*2 

9.8 

200 

•9 

1.8 

2.6 

3-5 

4-4 

5 * 1 

6.1 

7.0 

7.8 

8.7 

9.6 

10 

I 1 

12 

B 

250 

1.1 

a.a 

3-3 

4*4 

5-5 

6.4 

7.6 

8.7 

9.8 

11 

12 

*3 

*4 

>5 

□ 

300 

x -3 

2.6 

3.8 


6.4 

7-7 

9. 1 

10 

12 

*3 

H 

16 

l 1 

l8 

20 

35 ° 

I# S 

3 -o 

4.6 

6.1 

7.6 

9.1 

Z I 

12 

14 

*5 

*7 

18 

20 

21 

23 

400 

M 

3*5 

S'* 

7 *° 

8.7 

1 

10 

12 


16 

17 ’ 


21 

2 3 

24 

26 

450 

2. 

3-9 

5-9 

7.8 

9.8 

12 

*4 

16 

18 

20 


2 4 

25 

27 

29 

500 

2.2 

4.4 

6-5 

8.7 

11 

*3 

15 j 

*7 

20 

22 


26 

28 

3 1 

33 

55 ° 

2.4 

4.8 

7.2 

9.6 

12 

14 

l 1 ! 

! 9 

22 

24 ! 


El 

3 1 

34 1 

3 6 , 


To make ufe of this table, in the left-hand perpen¬ 
dicular Column look for the number of degrees con¬ 
tained in that part of the tube which is not immerfed in 
the fluid whofe heat is to be tried, and in the upper ho¬ 
rizontal line feek the fuppofed difference of heat of the 
quicklilver in that part of the tube from that in the ball; 
the correfponding number in the table is the correction* 
which muft be added to the obferved heat when the 

5 N a quick- 
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quickfilver in the tube is cooler than that in the ball, and 
fubtraCted when it is warmer : for example, let the ob- 
ferved heat of the fluid be 47 5°, let the thermometer be 
immerfed in the fluid as far as to the degree of 25% or 
to that part of the tube which fliould be marked 25 0 if 
the divifions were continued long enough; then is the 
number of degrees in that part of. the tube which is not 
immerfed in the fluid 450 ; and let the heat of the quick¬ 
filver in that part of the tube be fuppofed too 0 ; and 
confequently, the difference of heat of the quickfilver in 
that part of the tube from that in the ball 375; then in 
the left-hand perpendicular column feek the number 
450, and in the upper horizontal line the number 375 ; 
the correfponding number in the table, or the correction, 
is 15 0 , and therefore the true heat of the fluid is 49 o°. 

This correction may be had very eafily without the 
help of the table, only by multiplying the number of 
degrees not immerfed in the fluid by the fuppofed dif¬ 
ference of heat, dividing the product by 10000, and 
diminifhing the quotient by one-eighth part of the 
whole* 

In the following pages we have thrown together the 
practical rules, which we would recommend to be ob- 
ferved in adjufting the fixed points of thermometers. 

4 Rules 
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Rules to be obferved in adjufting the boiling point. 

The moft accurate way of adjufting the boiling point 
is, not to dip the thermometer into the water, but to ex- 
pofe it only to the ft earn, in a vefiel clofed up in the 
manner reprelented in fig. 4. where K&ba is the veffef 
containing the boiling water, vd the cover, e a chimney 
made in the cover intended to carry off thefteam, and 
um the thermometer palled through a hole in the cover. 
Thofe who would make ufe of this method muft take 
care to attend to the following particulars. 

1 ft. The boling point muft be adjulted when the ba¬ 
rometer is at 29.8 inches ; unlels the operator is willing 
to correct the obferved point in, the manner diredted 
below. 

adly, The ball of the thermometer muft be placed at 
luch a depth within the pot, that the boiling point fhall 
rife very little above the cover; for otherwife part of the 
quickfilver in the tube will not be heated, and therefore 
the thermometer will not rife to its proper height. The 
furface of the water in the pot alio Ihould be at leaft one 
or two inches below the bottom of the ball; as otherwife 
the water, when boiling faft, might be apt to touch the 
ball: but it does not fignify how much lower than that 
the furface of the water may be. 
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3dly, Care mufl be taken to Hop up the hole in the 
cover through which the tube is inferted, and to make 
the cover fit pretty clofe, fb that no air fliall enter into 
the pot that way* and that not much fleam may efcape. 
Arpiece of thin fiat tin plate mull alfo be laid on the 
mouth of the chimney, fb as to leave no more paflage 
th^n what is fufficient to carry off the Hearn. The fize 
of this plate fhould be not much more than fufficient to 
Covet the chimney, that its weight may not be too great; 
and the mouth of the chimney fhould be made flat, that 
the plate may cover it more completely. It muH be ob- 
ferved, that when the tin plate is laid on the mouth of 
the chimney, it will commonly be lifted up by the force 
of the fleam, and will rattle till it has flipped afide.fuffi- 
ciently to let the fle^m efcape without lifting it up. In 
this cafe it is not necefiary to put the plate back again, 
unlefs by accident it has flipped afide more than ufual. 
If the artiff pleafes, he may tie each corner of this plate 
by a ffring to prongs fixed to the chimney, and Handing 
on a level with the plate, as thereby it will neceffarily be 
kept always in its place' 7 -'; but we would by no means 
recommend having it made with a hinge, as that might 

0) Fig. 3 - is a perfpe&ive view of the chimney and tin plate; abcd is the 
plates E the chimney; f/J cg y Mm, and n n y the prongs fattened to the chim¬ 
ney, to which the four comers of the plate are to be tied by the firings af, bg, 
cm, and ©sr; ,the ends f, g, m, and n, of the prongs muft be on a level with 
the plate, and the firings fhould not be flretched tight. 

5 


be 
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tie apt to make it ftick, in which cafe the included va¬ 
pour might be fo much compreffed as to caufe an error. 
We would alfo by no means advife lining the tin plate 
with leather, or any other foft fubftance, for the fake of 
making it ffiut clofer, as that alio might be apt to make 
it ftick. The chimney alfo ought not to be nia&TOB 
than half a fquare inch in area: for though a'ftiialld# 
chimney would be fufficient to carry off the fleam, un- 
lefs the veffel is much larger than what we ufed; yet the 
adhefion which is apt to take place between it and the 

tin plate When wet, might perhaps bear too great a pro- 
, * 

portion to the power which the included fleam has to lift 
It off, if it was made much lefs. It is convenient that 
the chimney be not lefs than two or three inches 
long, as thereby the obferver will be lefs incommoded 
by the fleam; but it would be improper to make it much 
longer, for the longer the chimney is, the greater difpo- 
fition has the air to enter into the pot between it and the 
cover. 

It is moft convenient not to make the cover fit on 
fight, but to take on and off eafily; and to wrap fome 
fpun cotton round that part of the cover which enters 
into the pot, in order to make it ihut clofer ; or, what 
feems to anfwer rather better, a ring of woollen cloth 
may be placed under the cover, fo as to lie between the top 

of 
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of the pot and it. Thefe methods of making the cover 
Unit elofe can be ufed more conveniently when the cover 
is made to enter within the pot, as in the figure, than 
when it goes on on the outfide. 

There are various eafy ways by which the hole in the 
cover, through which the tube of the thermometer is 
pafied, may be flopped up, and by which the thermome¬ 
ter may be fufpended at the proper height. The hole in 
the cover may be Hopped up by a cork, which mull firft 
have a hole bored through it, big enough to receive the 
tube, and be theft cut into two, parallel to the length of the 
hole. Another method, more convenient in ufe, but not 
fo eafily made, is reprefented in fig. 6. which exhibits a 
perfpe£tive view of the apparatus; a a is the cover; h the 
hole through which the thermometer is pafied; b <5 a flat 
piece of brafs fixed upon the cover; and Dd%e a Aiding 
piece of brafs, made fo as either to cover the hole h, or 
to leave it uncovered as in the figure, and to be tightened 
in either pofition by the fcrew s Hiding in the flit urn; 
a femi-circular notch being made in the edge b b, and alfo 
in the edge d d, to inclofe the tube of the thermometer : 
pieces of woollen cloth fhould alfo be faftened to the 
edges b b and vd, and alfo to the bottom of the Hiding 
piece odEe, unlefs that piece and the cover are made fuf- 
ficiently flat, to prevent the efcape of the fleam. In 

order 
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order to keep the thermometer fufpended at the proper 
height, a clip may be ufed like that reprefented in fig. 7. 
which by the fcrew s muft be made to embrace the tube 
tightly, and may reft on the cover. That part of the 
clip which is intended to bear againft the tube, had belt 
be lined with woollen cloth, which will make it ftick 
tighter to the tube, and with lefs danger of breaking it. 
Another method, which is rather more convenient, when 
the top of the tube of the thermometer is bent into a 
right angle, in the manner frequently pradtifed at prefent 
for the fake of more conveniently fixing it to the fcale, is 
reprefented in the fame figure; Ggvf is a plate of brafs, 
ftanding perpendicularly on the cover, and l/n n a piece 
of brafs, bent af bottom into the form of a loop, with a 
notch in it, fo as to receive the tube of the thermometer, 
and to fuffer the bent part to reft on the bottom of the 
loop; this piece muft Hide in a flit k£, cut in the plate 
l/n n > and be tightened at any height by the fcrew t. 

4thly, It is beft making the water boil pretty brilkly, as 
otherwife the thermometer is apt to be a great while be¬ 
fore it acquires its full heat, efpecially if the veflel is very 
deep. The obferver too fliould wait at leaft one or two 
minutes after the thermometer appears to be ftationary, 
before he concludes that it has acquired its full height, 

vol. lx vii. 5 o 5thiv, 
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5thly, Though, as was faid before, this appears to be 
the moft accurate way of adjufting the boiling point; yet, 
if the operator was to fuffer the air to have any accefs to 
the infide of the veflel, he would be liable to a very great 
error: forthisreafonwe ftrongly recommend it to all thofe 
who ufe this method, not to deviate at all from the rules 
laid down without alluring themfelves, by repeated trials 
with a pretty fenfible thermometer, that fuch alteration 
may be ufed with fafety. But the covering the chimney 
with the tin plate ought by no means to be omitted; for 
though, if the cover of the pot fits clofe, it feldom figni- 
fies whether the plate is laid on or not, yet, if by acci¬ 
dent the cover was not to fit clofe, the omitting the tin 
plate would make a very great error. Making the chim¬ 
ney very narrow would not anfwer the end properly; 
for, if it was made fo fmall as to make the veflel fuffici- 
ently clofe when the water boiled gently, it would not 
leave fufficient paflage for the efcape of the fleam when 
the water boiled faft. 

Another way of adjufting the boiling point is, to try 
it in a veflel of the fame kind as the former, only with 
the water riling a little way, namely from one to three 
or four inches above the ball, taking care that the boil¬ 
ing point lhall rife very little above the cover, as in the 
former method. In this method there is no need to cover. 

the 
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the chimney with the tin plate; and there is lefs need to 
make the cover fit clofe, only it muft be obferved, that 
the clofer the cover fits, the lefs the operator will be in¬ 
commoded by the fleam. The height of the barometer 
at which the boiling point fliould be adjufted, when this 
method is ufed, is 29 \ inches, or three-tenths of an inch 
lefs than when the former method is ufed. 

It will be convenient to have two or three pots of dif¬ 
ferent depths; for if a lhort thermometer is to be ad¬ 
jufted in the fame pot which is ufed for a long one, it 
will require a great depth of water, which, befides taking 
up more time before it boils, makes the obfervation. 
rather lefs accurate, as the heat feems to be lefs regular 
when the depth of water in the pot is very great, than 
when it is lefs. 

Perhaps fome perfons, for the fake of heating the 
water more expeditioufly, may be inclined to ufe an ap¬ 
paratus of fuch kind that the fire lhall be applied to a 
confiderable part of the fides of the pot as well as to the 
bottom; we would, however, caution them againft any 
thing of that kind, as the obfervations are confiderably 
lefs regular than when little more than the bottom of 
the pot is heated. If the pot is heated over a chafing-dilh 
or common fire, we apprehend that there can feldom 
be any danger of too much of the fides being heated; 

5 o 2 but 
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but if the operator fhould be apprehenlive that there 
is, it is eafily prevented by fattening an iron ring an 
inch or two broad round the pot near the bottom. This 
precaution is equally neceflary when the thermometer is 
adjufted in fleam, efpecially when there is not much 
water in the pot. 

The greateft inconvenience of this method of adjuft- 
ing the boiling point is the trouble of keeping a proper 
depth of water in the pot, as to do this it is neceflary firft 
to find the height of the boiling point coarfely by try¬ 
ing it in an open veflel, and then to put fuch a quantity 
of water into the pot that it fhall rife from one to three 
or four inches above the ball, when the thermometer is 
placed at fuch a depth within the pot that the boiling 
point fhall rife very little above the cover. The operator 
mutt be very careful that the quantity of water in the 
pot be not fo fmall as not intirely to cover the ball. 

A third way of adjufting the boiling point is, to wrap 
feveral folds of linen rags or flannel round the tube of 
the thermometer, and to try it in an open veflel, taking 
care to pour boiling water on the rags, in order to keep 
the quickfilver in the tube as nearly of the heat of boiling 
water as poflible. The beft w r ay is to pour boiling water 
on the rags three or four times, waiting a few feconds be¬ 
tween each time, and to wait fome feconds after the laft 
•2 time 
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time of pouring on water before the boiling point is 
marked, in order that the water may recover its full 
ftrength of boiling, which is in good meafure checked 
by pouring on the boiling water. 

In this method the boiling point fhould be adjufted 
when the barometer is at 29.8 inches, that is, the fame 
as when the firft method is ufed; the water fhould boil 
fail, and the thermometer fhould be held upright, with 
its ball two or three inches under water, and in that part 
of the vefiel where the current of water afcends^. 

Whichever of thefe methods of adjufting the-boiling 
point is ufed, it is not necefiary to wait till the barometer 
is at the proper height, provided the operator will take 
care to correct the obferved height according to the fol¬ 
lowing table. 

(m) In a vefiel of “boiling water one may ahnoft always perceive the current 
of water to afcend on one fide of the vefiel* and to defcend on the other* 


Height 
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Height of the baro¬ 
meter when the boil¬ 
ing point is adjufted 
according to, 

Correction in 
l oooth s of the 
interval be¬ 
tween 32° and 
212°. 

Height of the baro¬ 
meter when the boil 
ing point is adjufted 
according to. 

Corre&ion io 
loooths of the? 
interval be¬ 
tween 3 1° and 
212°. 

1 ft or 3d 
method. 

2d ' 
method. 

r —■— 

i ft or 3d 
method. 

—^ 
2d 

method. 


3°- 6 4 

IO" 


29.69 

29-39 

r 



S 3 

9 


58 

28 

2 


30.71 

4 i 

8 


47 

17 

3 


59 

29 

7 


3 b 

06 

4 


48 

18 

6 

• 

u 

25 

28.95 

5 


37 

°7 

5 

fr 

14 

84 

6 

bO 

25 

29.95 

4 

i-H 

03 

73 

7 

A 

14 

84 

3 


28.92 

62 

8 


03 

73 

2 


81 

51 

9 


29.91 

61 

I 


70 

—- 

10 


80 

50 

0^ 


59 

— . 

11. 

1 


To make ufe of this table, feek die height which the 
barometer is found to Hand at in the left-hand column, 
if the boiling point is adjufted either in the firft or third 
method, and in the fecond column if it is adjufted in the 
fecond method; the correfponding number in the third 
column fliews how much the point of 2 1 a°muftbe placed 
above or below the obferved point, exprefled in thou- 
fandth parts of the interval between the boiling and 
freezing point: for example, fuppofe the boiling point 
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is adjufted in fleam when the barometer is at 49 inches, 
and that the interval between the boiling and freezing 
points is 11 inches; the neareft number to 29 in the 
left-hand column is 29.03, and the correfponding num¬ 
ber in the table is 7 higher, and therefore the mark of 
212 0 muftbe placed higher than the obferved point by 

of the interval between boiling and freezing, that is, 

b Y or .077 of an inch. 

This method of correcting the boiling point is not 
ftriCtly juft, unlefs the tube is of an equal bore in all its 
parf s; but the tube is very feldom lo much unequal as to 
caufe any fenfibie error, where the whole correction 
is fo fmalh The trouble of making the correction will 
be abridged by making a diagonal fcale fuch as is repre- 
lented in fig. 5. 

It is not very material what kind of water is ufed for 
adjufting the boiling point, fo that it is not at all fait; 
only, if any kind of hard water is ufed, it is better that it 
Ihould be kept boiling for at Ieaft ten minutes before it 
is ufed. But we Would advife all thofe.defirous of ad¬ 
jufting thermometers in the moft accurate manner for 
nice experiments, to employ rain or diftilled water, and 
to perform the operation in the firft mentioned manner, 
that is, in fleam. 


On 
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On the freezing point. 

In adjufting the freezing as well as the boiling point, 
the quickfilver in the tube ought to be kept of the fame 
heat as that in the ball. In the generality of thermome¬ 
ters, indeed, the diftance of the freezing point from the 
ball is fo fmall, that the greateft error which can arife 
from neglecting this precaution is not very confiderable, 
unlefs the weather is warmer than ufual; but as the 
freezing point is frequently placed at a confiderable dif¬ 
tance from the ball, the operator fhould always be care¬ 
ful either to pile the pounded ice to fuch a height above 
the ball, that the error, which can arife from the quick¬ 
filver in the remaining part of the tube not being heated 
equally with that in the ball, fhall be very fmall; or he 
muft correCt the obferved point,, upon that account, ac¬ 
cording to the following table: 


Heat of the air. 

Corre&ion. 

42 ° 

.00087 

5 a 

.00174 

62 

.00261 

72 

.00348 

82 

•00435 


The 
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The firft column of this table is the heat of the air, 
and the fecond is the correction exprefied in 1 oooth 
parts of the diftance between the freezing point and the 
furface of the ice: for example, if the freezing point 
Hands feven inches above the furface of the ice, and the 
heat of the room is 62, the point of 3 a 0 Ihould be placed 
7 x .00261, or .018 of an inch lower than the obferved 
point. This correction alfo would be made more eafy by 
the help of a diagonal fcale, fimilar to that propofed for 
the boiling point. 

On the precautions necejfary to be obferved in making ob~ 
fervations with thermometers. 

In trying the heat of liquors care Ihould be taken 
that the quicklilver in the tube of the thermometer 
be heated to the fame degree as that in the ball ; or, if 
this cannot be done conveniently, the obferved heat 
Ihould be corrected on that account: but for this we 
refer to the former part, p. 835. 
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